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0 Process for the preparation of a catalyst or catalyst precursor. 



© A zirconia-based catalyst or catalyst precursor is 
prepared by a process comprising mulling a mixture 
of zirconia and/or a zirconia precursor and a solvent, 
which mixture has a solids content of from 20 to 
60% by weight, and extruding the mixture. The 
zirconia precursor is preferably zirconium hydroxide. 
The resulting extrudates may be impregnated with a 
suitable catalytically active element, preferably co- 
balt. The cobalt-containing catalyst produced may 
be used in a process for the preparation of hydrocar- 
bons from carbon monoxide and hydrogen. 
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The present invention relates to a process for 
the preparation of a catalyst or catalyst precursor, 
in particular to the preparation of a zircon ia-based 
catalyst or catalyst precursor. 

Japanese patent application publication No. JP 
63 063188 discloses a process for the preparation 
of a catalyst comprising a zirconium 
oxide/hydroxide carrier on which is deposited co- 
balt as a catalytically active component. The carrier 
is prepared by the addition of an alkali to an 
aqueous solution of a zirconium salt, for example 
zirconium chloride or zirconium nitrate. The result- 
ing precipitate is washed, filtered and dried or 
burnt to yield the zirconium oxide/hydroxide carrier. 
The carrier is immersed in an aqueous solution of 
cobalt nitrate to deposit cobalt on the carrier. JP 63 
063188 discloses that the resulting catalyst may be 
used in a direct process to obtain a middle-cut 
hydrocarbon fraction from a gaseous mixture of 
carbon monoxide and hydrogen. 

The process disclosed in JP 63 063188 for the 
preparation of the carrier suffers the disadvantage 
that many steps are involved. The need for such a 
number of steps is undesirable for the preparation 
of a catalyst or catalyst carrier on a commercial 
scale. Further, the product of the process is a 
precipitate or powder which has only a limited 
number of applications as a support or carrier for a 
catalyst. 

Most surprisingly, it has now been found possi- 
ble to prepare a zirconia-based catalyst or catalyst 
precursor in a simple process by means of ex- 
trusion, which process is very suitable for use on a 
commercial scale. 

Accordingly, the present invention provides a 
process for the preparation of a zirconia-based 
catalyst or catalyst precursor comprising mulling a 
mixture of zirconia and/or a zirconia precursor and 
a solvent, which mixture has a solids content of 
from 20 to 60% by weight, and extruding the 
mixture. 

The catalyst or catalyst-precursor prepared by 
the process of the present invention comprises a 
carrier consisting substantially or wholly of zirconia 
or a zirconia precursor. 

In the process of the present invention, a mix- 
ture comprising zirconia and/or a zirconia precursor 
and a solvent is mulled. The zirconia precursor 
may be any suitable compound. Suitable com- 
pounds to act as precursors for the zirconia include 
salts derived from organic acids, for example zirco- 
nium acetate, zirconium ethanoate, zirconium pro- 
pionate and zirconium benzoate, and inorganic 
salts, for example zirconium chloride, zirconium 
bromide, zirconium iodide, zirconium fluoride, zir- 
conium nitrate, zirconium hydroxide, zirconium car- 
bonate, zirconium sulphate and zirconium chlorate. 
Inorganic zirconium salts are preferred zirconia pre- 



cursors, with zirconium hydroxide being particularly 
preferred. 

The solvent may be any of the suitable sol- 
vents known in the art, for example water; alcohols, 

5 such as methanol, ethanol and propanol; ketones, 
such as acetone; aldehydes, such as proponal; and 
aromatic solvents, such as toluene. Preferably and 
most conveniently, the solvent is water. 

In addition to zirconia and/or a zirconia precur- 

70 sor, the mixture may comprise one or more other 
refractory oxides or precursors for refractory ox- 
ides, for example silica, titania, alumina, or mix- 
tures thereof. The refractory oxide may be present 
in an amount of up to 50 parts by weight per 100 

75 parts by weight of zirconia present in the final 
catalyst or catalyst precursor, more preferably up 
to 25 parts by weight. If a refractory oxide is 
present in the mixture it is preferably silica. 

Suitable silicas for inclusion in the mixture in- 

20 elude silica gel, precipitated silica and pyrogenic 
silica. Precipitated silica is a preferred silica for 
inclusion in the mixture. 

The zirconium, present as zirconia, in the cata- 
lyst or catalyst precursor product of the process of 

25 the present invention may be used as a catalyt- 
ically active component in the use of the product. If 
desired, however, the mixture to be mulled may 
also comprise sources for one or more catalytically 
active components or sources for one or more 

30 promoter elements of the catalytically active com- 
ponent. Accordingly, the mixture may comprise a 
source for one or more elements selected from 
Groups IB, IIB, HIB, IVB, VB, VIB, VIJB, VIII of the 
Periodic Table of Elements, or the Lanthamides 

35 and Actinides. Preferred catalytically active compo- 
nents are the elements in Group VIII of the Periodic 
Table. Sources of elements selected from iron, 
ruthenium, cobalt, rhenium, nickel, palladium, plati- 
num, copper and zinc are especially preferred. 

40 Cobalt, iron and nickel are particularly preferred 
catalytically active elements, with cobalt being 
most preferred. The mixture may also advanta- 
geously comprise a source for an element in Group 
IVB of the Periodic Table, which elements find use 

45 as promoters, in particular titanium, together with, if 
desired, an additional source for zirconium. 

The source of the one or more elements from 
the aforementioned group may be either soluble or 
insoluble in the solvent. Typical sources include 

so salts derived from organic acids, for example ace- 
tates, benzoates, ethanoates and propionates; 
halides, for example chlorides, bromides, iodides 
and fluorides; and other salts, for example nitrates, 
oxides, hydroxides, carbonates and chlorates. 

55 Sources insoluble in the solvent are preferred. 
Hydroxides have been found to be particularly suit- 
able sources for the catalytically active elements 
and the promoters. 
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To obtain strong extrudates, it is preferred to 
include in the mixture a basic component to act as 
a peptizing agent for the zirconia and/or zirconia 
precursor. The basic compound is preferably am- 
monia, an ammonia-releasing compound, an am- 
monium compound or an organic amine. Such ba- 
sic compounds are removed upon calcination and 
are not retained in the extrudates to impair the 
catalytic performance of the final product. The ba- 
sic compound is most preferably an organic amine 
or an ammonium compound. A most suitable or- 
ganic amine is ethanol amine. It has been found 
most convenient to include in the mixture a com- 
pound of the required element in the aforemen- 
tioned groups of the Periodic Table, to act as both 
a source for that element and as the basic com- 
pound. In particular, it is preferred to include a 
source of an element acting as a promoter as the 
basic compound, most preferably a basic com- 
pound of an element in Group IVB of the Periodic 
Table. A preferred group of basic compounds are 
the ammonium carbonates. Ammonium zirconium 
carbonate is a particularly preferred basic com- 
pound for inclusion in the mixture. 

A basic compound of an element of the afore- 
mentioned groups may be used in addition to both 
one or more of the aforementioned sources of that 
element and a basic compound. However, it has 
been found possible to dispense with both a sepa- 
rate source for the desired element and an addi- 
tional basic compound by using a basic compound 
of the desired element. 

The amount of basic compound included in the 
mixture should be sufficient to peptize the zirconia 
and/or zirconia precursor present in the mixture. 
The amount of basic compound present in the 
mixture can be readily determined by measuring 
the pH of the mixture. During mulling the mixture 
should preferably have a pH in the range of from 
8.0 to 1 1 .5, preferably from 9.0 to 1 1 .0. 

It has been found that the extrusion of mixtures 
having a high pH is more difficult than the extrusion 
of mixtures having a pH in the range of from 7.0 to 
9.0. Accordingly, to avoid extruding a mixture hav- 
ing a high pH, it may be preferred to reduce the 
pH of the mixture, after allowing sufficient time for 
the zirconia and/or zirconia precursor to be pep- 
tized by the basic compound, but before extrusion, 
to a pH value in the range of from 7.0 to 8.0. The 
reduction in pH may be effected by the addition of 
an acid. Suitable acids include both organic and 
inorganic acids. Suitable inorganic acids include 
aqueous solutions of hydrogen fluoride, hydrogen 
chloride and hydrogen bromide, nitric acid, nitrous 
acid and perchloric acid. Preferably, an organic 
acid is used, for example an alkanoic acid having 
from 1 to 12 carbon atoms, preferably from 1 to 6 
carbon atoms, or a dicarboxylic acid having from 1 



to 6 carbon atoms. Particularly preferred acids are 
the alkanoic acids, especially formic acid, acetic 
acid, propionic acid and butanoic acid. Acetic acid 
is most preferred. 

5 To improve the flux properties of the mixture 

during extrusion a surface active agent or polyelec- 
trolyte may be added to the mixture. The addition 
of the surface active agent results in a smoother 
extrudate texture and facilitates cutting of the ex- 

10 truded product. Further, the formation of micro- 
pores in the calcined catalytic material may be 
improved which may enhance the catalytic prop- 
erties of the products. Suitable surface active 
agents include cationic surface active agents, for 

75 example fatty amines, quaternary ammonium com- 
pounds, aliphatic monocarboxylic acids, ethoxylat- 
ed alkyl amines, polyvinyl pyridine, sulphoxonium, 
sulphonium, phosphonium and iodonium com- 
pounds; anionic surface active agents, for example 

20 alkylated aromatic compounds, acyclic monocar- 
boxylic acids, fatty acids, sulphonated aromatic 
compounds, alcohol sulphates, ether alcohol sul- 
phates, sulphated fats and oils and phosphonic 
acid salts; and nonionic surface active agents, for 

25 example polyethylene alkylphenols, polyox- 
yethylene alcohols, polyoxyethylene alkylamines, 
polyoxyethylene alkylamides, polyols and acety- 
lenic glycols. The amount of surface active agent is 
typically from 0.5 to 8% by weight, preferably from 

30 1 to 5% by weight, based on the weight of zirconia 
and/or zirconia precursor present in the mixture. A 
preferred surface active agent is sold under the 
trademark Nalco. The surface active agent may be 
added at any stage during the mulling of the mix- 

35 ture prior to extrusion. 

In the process of the present invention, a mix- 
ture of the aforementioned components is mulled. 
In principle, it is possible to combine the compo- 
nents of the mixture in any order. However, it has 

40 been found advantageous to prepare and mull the 
mixture in the following manner. At the very least, 
the mixture comprises zirconia and/or a zirconia 
precursor and a solvent, which are first mixed 
together. If the mixture is to include a basic com- 

45 pound, it has been found advantageous to add the 
basic compound to the mixture after the zirconia 
and/or zirconia precursor and solvent have been 
combined, together with any other refractory oxides 
or refractory oxide precursors. In this way, the 

50 considerable take up of the basic compound into 
the pores of the solid material is avoided, resulting 
in improved extrudates. Basic compound confined 
within the pores of the solid material is prevented 
from fully peptizing the material, requiring the addi- 

55 tion of further amounts of the basic compound for 
satisfactory peptization, or yielding extrudates hav- 
ing a lower crush strength. The resulting mixture of 
solid material, solvent and basic compound may be 
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mixed and mulled. Thereafter, once the solid ma- 
terial has been satisfactorily peptized, the pH of the 
mixture may be reduced as hereinbefore de- 
scribed. If desired, a source, of one or more ele- 
ments in the aforementioned groups of the Periodic 
Table may be added and the resulting mixture 
subjected to further mulling. A surface active agent, 
if desired, may be added at any time during the 
mulling, preferably just prior to a final period of 
mulling. 

Typically, the mixture is mulled for a period of 
from 10 to 120 minutes, preferably from 15 to 90 
minutes. During the mulling process, energy is 
input into the mixture by the mulling apparatus. 
The rate of energy input into the mixture is typi- 
cally from 0.05 to 50 Wh/min/kg, preferably from 
0.5 to 10 Wh/min/kg. The mulling process may be 
carried out over a broad range of temperature, 
preferably from 15 to 50 *C. As a result of the 
energy input into the mixture during the mulling 
process, there will be a rise in temperature of the 
mixture during the mulling. The mulling process is 
conveniently carried out at ambient pressure. Any 
suitable, commercially available mulling machine 
may be employed. 

Once the mulling process has been completed, 
the resulting mixture is then extruded. Extrusion 
may be effected using any conventional, commer- 
cially available extruder. In particular, a screw-type 
extruding machine may be used to force the mix- 
ture through orifices in a suitable dieplate to yield 
extrudates of the desired form. The strands formed 
upon extrusion may be cut to the desired length. 

The extrudates may have the form of cylinders, 
for example, a hollow cylinder, or may have a form 
which is multilobed or twisted multilobed in cross 
section, or take any other form known in the art. 
The process of the present invention has been 
found to be particularly suitable for forming trilobe 
extrudates. Typically, the extrudates have a nomi- 
nal diameter of from 0.5 to 5 mm, preferably from 
1 to 3 mm. 

After extrusion, the extrudates are dried. Drying 
may be effected at an elevated temperature, pref- 
erably up to 800 'C, more preferably up to 300 
•C. The period for drying is typically up to 5 
hours, preferably from 30 minutes to 3 hours. 

Preferably, the extrudates are calcined after 
drying. Calcination is effected at an elevated tem- 
perature, preferably up to 1000 *C, more prefer- 
ably from 200 "C to 1000 'C, most preferably 
from 300 *C to 800 'C. Calcination of the ex- 
trudates is typically effected for a period of up to 5 
hours, preferably from 30 minutes to 4 hours. 

Once prepared, the extrudates may be sub- 
jected to a deposition stage in which sources of 
one or more catalytically active elements or pro- 
moter elements are deposited on the extrudates. 



The sources may be of any of the elements in the 
groups of the Periodic Table as discussed herin- 
before. In cases in which the original mixture com- 
prised a source for a given element, the deposition 
5 of a further source for that element may be effec- 
ted to increase the loading of the element on the 
extrudates. 

Deposition of a source of a catalytically active 
element or a promoter element on the extrudates 

w may be effected by any of the techniques known in 
the art, for example precipitation. If deposition of 
sources of a plurality of elements on the extrudate 
is to be effected, the deposition may be carried out 
in either one or a plurality of stages. The order of 

15 deposition of the plurality of sources of the ele- 
ments is largely a matter of choice and conve- 
nience. However, the preferred order is first to 
deposit a promoter source on the extrudates and 
secondly to deposit a source of a catalytically 

20 active element. 

A preferred technique for the deposition is im- 
pregnation. Impregnation may be effected by con- 
tacting the extrudates with a compound of the 
desired element in the presence of a liquid, prefer- 

25 ably in the form of a solution of a compound of the 
element. Suitable liquids for use in the impregna- 
tion include both organic and inorganic liquids, 
water being a most convenient and preferred liquid. 
Suitable compounds of the desired element include 

30 both organic and inorganic compounds, with a pref- 
erence for compounds which are soluble in the 
selected solvent. Preferably, the compounds are 
inorganic compounds. Nitrates are most preferred 
compounds. 

35 The extrudates are most conveniently contact- 

ed with the compound of the desired element by 
immersion in the liquid. Preferably, the extrudates 
are immersed in a sufficient volume of liquid so as 
to just fill the volume of pores in the extrudates. 

40 If the impregnation is conducted in a single 

stage, the extrudates are contacted simultaneously 
with a compound of each of the desired elements 
in the presence of the liquid. Preferably, the ex- 
trudates are immersed in an aqueous solution of 

45 nitrates of the desired elements. If the impregnation 
is conducted in a plurality of stages, the extrudates 
are contacted in a first stage with a compound of 
one of the desired elements in the presence of a 
liquid and in a subsequent stage with a compound 

50 of a further desired element in the presence of a 
liquid. The liquid may be the same or different in 
the stages; most conveniently the same. 

After the impregnation, if in a single stage, or 
after each impregnation in a multi-stage impregna- 

55 tion, the extrudates are dried. The conditions under 
which the extrudates are dried are those as herein- 
before described. Preferably, after the or each dry- 
ing process, the extrudates are calcined, the cal- 
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cination conditions being those as hereinbefore de- 
scribed. 

The catalytically active element may be 
present in the product in an amount of from 1 to 
100 parts by weight, preferably 10 to 50 parts by 
weight, per 100 parts by weight of zirconia. The 
promoter, if present, may be present in an amount 
of from 1 to 60 parts by weight, preferably from 2 
to 40 parts by weight, per 100 parts by weight of 
zirconia. 

In a further aspect, the present invention pro- 
vides a zirconia-based catalyst or catalyst precur- 
sor obtainable by a process as hereinbefore de- 
scribed. 

The products of the process of this invention 
may be applied in any process in which a zirconia- 
based catalyst can be used or is required. In par- 
ticular, products of the process are particularly 
advantageous when comprising elements, option- 
ally with one or more promoters, that are active, 
after reduction, as catalysts in the preparation of 
hydrocarbons from a mixture of carbon monoxide 
and hydrogen; the so-called Fischer-Tropsch syn- 
thesis. Of particular use in the Fischer-Tropsch 
synthesis are the products of this process compris- 
ing iron, nickel or cobalt as the catalytically active 
component. Products comprising cobalt are espe- 
cially useful. 

The products of the process of this invention 
may be reduced by contact with a hydrogen-con- 
taining gas at elevated temperature and pressure. 

Thereafter, the resulting catalyst may be con- 
tacted with a mixture of carbon monoxide and 
hydrogen at an elevated temperature and pressure. 
Typically, the reaction is effected at a temperature 
in the range of from 125 to 350 °C, preferably 
from 175 to 250 'C. The reaction pressure is 
typically in a range from 5 to 100 bar, preferably 
from 12 to 50 bar. The hydrogen/carbon monoxide 
molar ratio in the feed gas is typically greater than 
1.5, preferably between 1.75 and 2.25. Unconver- 
ted hydrogen and carbon monoxide may be re- 
cycled to again contact the catalyst. In such an 
arrangement, the molar ratio of hydrogen to carbon 
monoxide in the gas actually contacting the cata- 
lyst may be considerably lower than that of the 
feed gas for example in the range of from 0.9 to 
1.3, preferably about 1.1. 

The process of the present invention is further 
described in the following illustrative example. In 
the example, values for the loss on ignition are 
quoted on the basis of water lost upon heating the 
sample to a temperature in the range of from 550 
to 600 # C. The extrusion process in the following 
example was conducted using a 1" Bonnot ex- 
truder having a 1.7 mm Delrin trilobe matrix 
dieplate insert yielding straight trilobe extrudates 
having a nominal diameter of 1.7mm. Calcination 



was conducted at the temperature and for the 
duration quoted in an atmosphere of air. 

Example 

5 ~~ 

Extrudate Preparation 

A mixture comprising zirconium hydroxide (Zr(OH)- 
ex Magnesium Electron, 40 %wt equivalent of 

w Zr0 2 , 50g; ZrfOH)*, ex Magnesium Electron, 47 
%wt equivalent of Zr02, 100g), ammonium zirco- 
nium carbonate (Bacote 20, 20 %wt equivalent of 
Zr02, 40g) and silica (precipitated silica having an 
average particle size 50 urn, surface area 450 m 2 /g 

75 and a loss on ignition of 14 %wt, 29g) was mulled 
for a period of about 40 minutes. Polyelectrolyte 
(Nalco) (2g as a 2 %wt aqueous solution) was 
added and the resulting mixture mulled for a further 
5 minutes, yielding a mixture having a loss on 

20 ignition of 53.8% and a pH of 8.4. 

The resulting mixture was extruded using a 1 " 
Bonnot extruder having a 1.7 mm Delrin trilobe 
dieplate insert to yield trilobe extrudates. The re- 
sulting extrudates were dried at a temperature of 

25 120 'C and calcined at a temperature of 530 °C 
for 60 minutes. The resulting extrudates had a high 
crush strength, a pore volume (H 2 0) of 0.257 ml/g 
and a surface area of 136 m 2 /g. The extrudates 
comprised 75.6 %wt (± 7.6) zirconia and 22.7 %wt 

30 (± 2.3) silica. 

Catalyst Preparation 

Cobalt nitrate (Co(N03)2).6H 2 0, 16.7g) was melted 
35 in an oven by heating to a temperature of 84 • C to 
yield an aqueous solution of cobalt nitrate (10.0 
ml). Extrudates (39.1 3g), as prepared above, were 
impregnated with cobalt by immersion in the aque- 
ous solution of cobalt nitrate at 84 • C. The impreg- 
40 nated extrudates were dried for 30 minutes at a 
temperature of 60 * C. Finally, the extrudates were 
calcined for a period of 60 minutes at 500 * C. 

Claims 

45 

1. A process for the preparation of a zirconia- 
based catalyst or catalyst precursor compris- 
ing mulling a mixture of zirconia and/or a zir- 
conia precursor and a solvent, which mixture 

50 has a solids content of from 20 to 60% by 

weight, and extruding the mixture. 

2. A process according to claim 1, wherein the 
mixture comprises a zirconia precursor, prefer- 

55 ably a zirconium salt, more preferably zirco- 

nium hydroxide. 

3. A process according to either of claims 1 or 2, 
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wherein the mixture comprises a basic com- 
pound, preferably selected from ammonia, an 
ammonia-releasing compound, an ammonium 
compound or an organic amine, more prefer- 
ably ethanoloamine or an ammonium zirco- 5 
nium compound especially ammonium zirco- 
nium carbonate. 

4. A process according to any preceding claim, 
wherein the pH of the mixture is in the range w 
of from 9.0 to 11.0. 

5. A process according to claim 4, wherein the 
pH is reduced to a value in the range of from 

7.0 to 9.0 prior to extrusion. ?5 

6. A process according to claim 5, wherein the 
pH is reduced by the addition of acetic acid to 
the mixture. 

20 

7. A process according to any preceding claim, 
wherein the mixture comprises another refrac- 
tory oxide or refractory oxide precursor, prefer- 
ably present in an amount of up to 50 parts by 
weight per 100 parts by weight of zirconia 25 
present in the final product, more preferably 25 
parts by weight per 100 parts by weight of 
zirconia present in the final product. 

8. A process according to any preceding claim, 30 
wherein the mixture comprises a source of a 
catalytically active element or a promoter, pref- 
erably a source of an element selected from 

the elements in Group VIII of the Periodic 
Table, more preferably a source of cobalt, iron 35 
or nickel, especially cobalt. 

9. A process according to any preceding claim, 
further comprising depositing on the resulting 
extrudates of a source of a catalytically active 40 
element or a promoter, preferably selected 
from the elements in Group VIII of the Periodic 
Table, more preferably cobalt, iron or nickel. 

10. A catalyst or catalyst precursor obtainable by a 45 
process according to any one of claims 1 to 9. 

11. The use of a catalyst or catalyst precursor as 
claimed in claim 10 in a process for the prep- 
aration of hydrocarbons from a mixture of car- 50 
bon monoxide and hydrogen. 
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